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IMPLEMENTATION

In this section, the implementation of the WEC Module within the SNL-SWAN code will be described in detail. This
section explains how the WEC Module was formulated from the SWAN (Version 41.01) code.

SNL-SWAN models WEC devices as obstacles using the five “obcase” flags listed below to determine the
appropriate obstacle transmission coefficient. The following section describes the SNL-SWAN treatment of WEC
devices under each obstacle case model.

Section 3.10 of the SWAN Scientific and Technical Documentation describes the effect of obstacles through a

coefficient in the convection terms of the action density evolution equation. The action density equation is shown
below Eq.(1) with the obstacle transmission coefficient boxed in red. The sole difference between the obstacle
cases is the method of obtaining this value. The five methods are described below. A visual conceptual
comparison is shown at the end of this section.

i, +

1 N
<_ + (Dx,l + Dx,z)c;:i ; + (Dy,l + Dy,z)c;_,i"j) Nl-,l,_] - A_t,:] - Dx,l(Cth,lzN)

At ” i-1j

&
Dy (eyKea*N),_, = Daa(exKea™N), = Dya(eyKia™N), | = SF

SET OBCASE=0

This is the standard, TUDelft SWAN, obstacle treatment. The value K, is a constant value entered into the
SWAN input file. K, represents the ratio of wave heights incident to and lee of the obstacle (or WEC).

H
K = 7—— (2)

Hincident

SET OBCASE=1

Obstacle case 1 uses the WEC power matrix to calculate the effective transmission coefficient. In this
case, K2 is calculated using the provided power matrix, and a constant value for this coefficient is used across all
frequencies. K? represents the energy (or power) ratio incident and lee of the obstacle.

Kp = ke 3)
PIncident
The power matrix is a table of absorbed power (in Kilowatts, kW) by a WEC device over varying significant
wave heights and peak wave periods. SNL-SWAN determines the incident significant wave height and the incident
peak wave period and then linearly interpolates a value for absorbed power from the matrix. Note: if the incident
values for wave height or period lie outside of the power matrix range, a value of zero is returned.
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The absorbed power flux (power per unit width) of the obstacle is determined by dividing the interpolated
value for absorbed power by the “width” value provided as the first entry in the Power.txt file. Note that the
width value here should be thought of as a normalization value, and is only used to convert the power matrix
entries of absorbed power (kW) into absorbed flux (kW/m) values. This value is calculated as follows.

P _ PAbsorbed (4)
Flux—Absorbed — w

This value is then applied evenly across the entire obstacle, as defined in the main INPUT file. In most
cases the width value in Power.txt should be the same as the length of the obstacle defined in the INPUT file, but
this is not required by the model. There are no checks in the code to guarantee or enforce this equality.

SNL-SWAN then calculates the incident power fluxing across the obstacle (in kwW/m). The power fluxing over the
obstacle is calculated directly from the spectral information incident to the obstacle.

Priux—ncident = P9 f f E(o, H)Cg do do (5)

To determine the transmission coefficient, SWAN takes the incident power flux and subtracts off
absorbed power flux. The transmission coefficient is the ratio of the remaining flux to the incident flux, and K2 is
calculated using the following equation:

PLee _ PIncident B PAbsorbed _ PAbsorbed _ PFlux—Absorbed

K? = = =12kl — g

PIncident PIncident PIncident PFlux—Incident

(6)

When the action balance equation is solved, the convection term, N (&, 9)cht2, will be applied
(integrated) across the computational width of the obstacle. The computational width (as opposed to the width
defined in the power matrix file) is determined by the obstacle dimensions defined in the main SWAN INPUT file
and the grid discretization (See the section on Grid Treatment).

SET OBCASE=2

Obstacle case 2 uses the WEC relative capture width curve to calculate the effective transmission
coefficient. K? is again calculated using the provided curve, and a constant value is used across all frequencies.

The relative capture width curve is a table of absorbed power ratios by a WEC device at varying wave
periods. In ways, this implementation is simpler than that or the power matrix. Since the relative capture width
curve already provides power ratios, K2 is more straightforward to calculate without the need to determine the
incident power flux. For this case, SNL-SWAN linearly interpolates an RCW value from the curve given the peak
incident wave period, and directly calculates a transmission coefficient using the following relation. As with
obstacle case 1, any wave periods outside of the defined range are given a transmission coefficient of zero.

PAbsorbed

K2=1- =1—RCW (7)

PIncident
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SET OBCASE=3

SNL-SWAN’s obstacle case 3 is just an extension of case 1. This case behaves exactly the same way as
case 1, except that the routine to determine the transmission coefficient is performed separately for each binned
frequency of the model. This in effect makes K? a function of frequency, resulting in varying power absorption for
waves of different frequency. Note: while the power matrix is defined in terms of wave period, internal SWAN
calculations are all performed using wave frequency. Each computational frequency is converted to a wave period
as follows before interpolating from the power matrix.

T="" (8)

SET OBCASE=4

SNL-SWAN’s obstacle case 4 is an extension of case 2. Again, the only difference is that the RCW curve is
sampled independently for each frequency of the simulation, resulting in a frequency dependent obstacle
transmission coefficient.

OBCASE COMPARISON

Differences between SNL-SWAN OBCASE options are visualized in Figure XX. In this figure a conceptual
frequency independent RCW curve which would be the case for OBCASE 1 and 2 is shown as the dotted red line in
the top panel. The frequency dependent OBCASES 3 and 4 would have a RCW curve that is variable dependent on
frequency, as indicated by the blue line in the top panel. The resultant wave spectra in the lee of the obstacle for
these cases are shown in the bottom panel, as compared to the incident spectra (black line).
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Figure 1 — OBCASE conceptual comparison visualization
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In the following sections, descriptions on how to run the SNL-SWAN code are given. For additional information
regarding how to set up and run and SWAN model, please refer to the SWAN documentation available online at
http://swanmodel.sourceforge.net/.

INPUT FILE

This is the SNL-SWAN input file (INPUT), which has the same settings as SWAN, as specified in the SWAN user’s
manual, with the ADDITION OF THE SET OBCASE LINE THAT SETS WHICH VERSION OF SNL-SWAN IS RUN.

|SET OBCASE=0

Baseline SWAN, uses the SWAN constant transmission obstacle formulation.

|SET OBCASE=1

SNL-SWAN Power Matrix, uses the WEC power matrix to calculate the effective transmission coefficient, a
constant value across all frequencies. This case requires POWER.TXT which is described in the power
matrix section below.

SET OBCASE=2

SNL-SWAN RCW, uses the WEC power matrix to calculate the effective transmission coefficient, a
constant value across all frequencies. This case requires RELATIVE_CAPTURE_WIDTH.TXT which is
described in the relative capture width section below.

SET OBCASE=3

SNL-SWAN Power Matrix, uses the WEC power matrix to calculate the transmission coefficient for each
frequency bin. Requires POWER.TXT

SET OBCASE=4

SNL-SWAN RCW, uses the WEC power matrix to calculate the transmission coefficient for each frequency
bin. Requires RELATIVE_CAPTURE_WIDTH.TXT
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RELATIVE CAPTURE WIDTH DEFINITION

IF SNL-SWAN IS RUN WITH OPTION 2 OR 4, THE RELATIVE_CAPTURE_WIDTH.TXT FILE IS REQUIRED TO
RUN. This is the WEC power performance in the form of a relative capture width curve, in two vertical columns
containing one the period and the one with Relative Capture Width Curve (RCW) value. This curve can be directly
copied from excel into a *.txt file, see Example RCW File section.

Figure 2 — Sample WEC RCW Curve from Excel and plotted

T[s] RCW []
3 0.05
4 0.13
5 0.22
6 0.41 Sample RCW Curve
1.20
7 0.53
8 0.70 o o’
' 0.80 * *
9 0.86 = .
E 0.60 . .
o
10 0.90 oo .
.
11 0.97 00 o
S
12 0.84 0.00 . | |
0 2 4 6 8 10 12 14 16 18
13 0.77 .
14 0.53
15 0.38
16 0.32
17 0.30

WAVE PERIODS

The wave period should be defined in seconds. The wave periods should be defined in the first column of the
RELATIVE_CAPTURE_WIDTH.TXT file.

RELATIVE CAPTURE WIDTH

The RCW is a non-dimensionalized power ratio defining the WEC’s power performance. The RCW values should be
defined in the second column of the RELATIVE_CAPTURE_WIDTH.TXT file.
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IF SNL-SWAN IS RUN WITH OPTION 1 OR 3, THE POWER.TXT FILE IS REQUIRED TO RUN. This is the WEC
power performance in the form of a power matrix. The file starts with the normalization width, then the number

of wave heights, followed by a list of wave heights, then the number of wave periods, followed by the list of wave

periods, and finally the WEC power matrix is defined. These values can be directly copied from excel into a *.txt

file, see Example Power Matrix File section.

Tp
MEAN 3 4| 5| 6| 7| 8 9| 10 11 12| 13| 14 15| 16 17,
0.5 4.44 5.07 797 1215 1677 1714 1194 9.16 6.57 439 4.00 3.00 286 1.95 1.71
1| 1665 19.00 2948 4694 5661 5238 3714 2873 1984 1662  12.94 933 7.29 7.40 449
15 000 4154 6314 9237 11074 10949 6496 5591 3849 2909  22.06 1926 1274  11.21 1150
2 000 6629 9903 15067 200.97 16491 10527 8530 5863 5231 4056 2876 2422 1931  17.57
2.5 0.00 000 16023 24182 261.83 22636 16620 117.65 8309  69.87  57.47 3924 2851 2620 2373
3 0.00 000 21252 31926 372.09 32717 21096 151.98 11643 9366 7542 6609 4481  42.09 3083
z 3.5 0.00 000 27015 43602 503.15 40775 29271 203.22 14833 11549  92.63 7481 5797 4427 411§
= 4 0.00 0.00 000 55382 540.26 52133 35546 260.73 19166 14419 12278 8404 8101 5580  53.24
= 4.5 0.00 0.00 000 64546 74622 58683 37872 30218 23642 18964 15441 10588 8958 7426 5578
5 0.00 0.00 000 79615 92613 69467 48591 341.08 28707 21141 167.83 13572 11121  93.81 7753
5.5, 0.00 0.00 000 93938 95473 80795 60312 429.61 34303 23119 20149 15014 12029 9675  89.90
6 0.00 0.00 0.00 000 116142 95667 64203 480.81 32909 28947 212.26 17177 14582 110.89  100.85
6.5 0.00 0.00 0.00 000 147647 103927 70204 487.62 39660 31156 236.66 20383 15343 12026  102.25
7 0.00 0.00 0.00 000 166493 1197.05 82077 61240 46598 38459 251.62 22270 18055 14628 13144
7.5 0.00 0.00 0.00 000 160845 1407.61 92263 703.98 50865 37347 32545 22949 19053 151.78  149.26

Figure 3 - Sample WEC Power Matrix from Excel

NORMALIZATION WIDTH

The normalization width value should usually be the WEC’s physical dimension. This term is used to normalize the

absorbed power value from the matrix by the width over which it is absorbed. This gives a value in terms of power

per unit width which can be generally applied to an obstacle of any size. This is the first term defined in the

POWER.TXT file.

WAVE HEIGHTS

The number of wave heights used to define the WEC power matrix is first defined, and then the wave heights

defining the WEC power matrix are specified. Wave heights should be defined in meters. This is the second term

defined in the POWER.TXT file.

WAVE PERIODS

The number of wave periods used to define the WEC power matrix is first defined, and then the wave periods

defining the WEC power matrix are specified. The wave periods should be defined in seconds. This is the third term

defined in the POWER.TXT file.

WEC POWER MATRIX

The WEC power matrix should be defined in kW. This is the last term defined in the POWER.TXT file.
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EXAMPLE SNL-SWAN FILES

DOUBLE CLICK ON IMAGES BELOW TO OPEN TEXT FILES

|SNL-SWAN INPUT FILE

B

INPUT.txt

|RCW FILE

B

Relative_Capture_Width.txt

| POWER MATRIX FILE

[]

Power.txt
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BEST PRACTICES

In this section SNL-SWAN best practices are given for the use of the SNL-SWAN to model WECs. This section is
meant to address frequently addressed questions.

GRID TREATMENT

As noted in Section 3.10 of the SWAN Scientific and Technical Documentation, obstacles are treated as

lines running through the computational grid. When calculating the action density flux from one grid point to its
neighbors, SWAN first determines if the connecting grid line crosses an obstacle line. If and only if a grid line is
crossed by an obstacle line, the transmission coefficient applied to the flux between those nodes.

Figure 4 Obstacle lines cutting through a computational grid.

As described in Section 5.2.1 of the SWAN Scientific and Technical Documentation, SWAN uses a vertex
centered grid, with volume cells defined by grid centers. Figure 5 below shows a computational grid (solid lines), a
grid vertex, and the finite volume cell corresponding to that vertex (dashed lines). The finite volume cell edges are

the fluxing faces between neighboring vertices.

Figure 5 Obstacle lines cutting through a computational grid.
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This grid treatment in combination with SWAN’s obstacle treatment has some implications which should
be noted. Figure 6 shows the various ways in which obstacles can interact with the computational grid.

/
4

/

Figure 6 Obstacle lines cutting through a computational grid.

The two blue obstacles shown in Figure 6 will have the exact same influence on the model solution, even
though they have much different widths. Since both obstacles cross the same computation grid line, SWAN will
apply their transmission coefficient the same volumetric fluxing face. The straight dashed lines in Figure 5 show
the fluxing faces of a cell volume. Both obstacles correspond to the same face, and thus their obstacle coefficients
will have the same impact on the model calculation.

Due to grid discretization, the green obstacle in Figure 6 does not intersect and computational grid lines.
In this situation it will have no effect, even though the obstacle is much larger than the small blue obstacle (which
does have an effect).

The red line in Figure 6 shows the appropriate use of the obstacle implementation, where grid
discretization is much finer than the obstacle length. This means that obstacles will span multiple grid lines and
their length and transmission effects can be properly captured.

WEC POWER PERFORMANCE

It should be noted that RCW values should be kept between zero and one (0<RCW<1) in order to produce
physical transmission coefficients. Should RCW values be specified outside of these bounds, SNL-SWAN will
enforce these limits in order to maintain realizable values for the transmission coefficient.

In choosing an obstacle case, attention should be paid to the way the Power Matrix or RCW curve was
created. Using OBCASE equal to 3 or 4 is only appropriate when information is available about individual
frequencies. Cases 1 and 2 are more appropriate when information is available about average sea states. Power
Matrix curves may be populated with information derived from either regular waves, or irregular real sea waves.
When working with a Power Matrix populated with regular waves it makes sense to use OBCASE=4. However,
when working with a Power Matrix which has been populated using values aggregated over real sea waves, it is
more appropriate to use OBCASE=3.
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Transmission coefficients are obtained through interpolation between points in either the Power Matrix or the
RCW curve. Any frequency or significant wave height lying outside the bounds specified in these files will be given
a transmission coefficient of 1.0 (an absorption coefficient of 0.0). SNL-SWAN will not extrapolate values outside
of these ranges, and the user is encouraged to modify their input curves should they desire this behavior.
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